The higher failure rate of total hip arthroplasty (THA) in young, active patients remains a challenge for surgeons. Recently, larger-diameter femoral heads combined with an alumina matrix composite ceramic (BIOLOX Delta; CeramTec AG, Plochingen, Germany) articulation was developed to improve implant longevity and meet patients' activity demands while reducing the risk of component-related complications. The purpose of this study was to determine whether this new device may provide advantages for young, active patients. A prospective, randomized, controlled trial was conducted on 93 patients (113 THAs) with more than 3 years of follow-up. Patients were randomly divided into a study group (51 THAs) with a 36-mm Delta ceramicon-ceramic (COC) articulation and a control group (62 THAs) with a common-sized alumina ceramic head on polyethylene liner (COP) articulation. Clinical and radiographic results were collected to compare the outcomes and complications, including implant-related failures, osteolysis, and noises. The large-diameter Delta COC articulation provided greater range of motion improvement (6.1° more), similar Harris Hip Scores, and similar complication rates compared with the alumina COP articulation. This study suggests that in the short term, the large-diameter Delta COC articulation results in better range of motion with no higher complication rates; however, mid-term (8-10 years) or longer follow-up is necessary to determine its superiority in young, active patients. Orthopaedics, Xiangya Hospital, Central South University, 87 Xiangya Rd, Changsha, Hunan 410008, China (yihehu@yahoo.cn). doi: 10.3928/01477447-20120822-14 Large-diameter Delta Ceramic-on-ceramic Versus Common-sized Ceramic-onpolyethylene Bearings in THA Pengde Cai, Md; Yihe hu, Md; Jie Xie, Md Figure: Preoperative anteroposterior radiograph of a 51-year-old man showing femoral head osteonecrosis of the left hip (A). Anteroposterior radiograph 6 weeks after cementless total hip arthroplasty using a 36-mm Delta (CeramTec AG, Plochingen, Germany) ceramic-on-ceramic bearing surface showing good position and no evidence of remodeling (B).
I mprovements in prosthetic design and developments of the bearing surface and materials have greatly improved the overall outcomes of total hip arthroplasty (THA) over the past 4 decades. However, achieving similar outcomes in young, active patients remains a major challenge in orthopedics. Increased levels of activity and longer life expectancies have shifted the focus to tribological research with an aim to improve the articulating bearing surface and the prosthesis longevity. 1 Obtaining natural hip motion remains the ultimate goal. Alternative bearings and large-diameter femoral head articulations in THA have been developed in an attempt to improve implant longevity and meet high-activity demands.
Ceramic bearings have been used in THA for more than 30 years, with the mechanical advantages of a reduction in wear debris and subsequent wear debrisassociated osteolysis. 2 However, despite a lower wear rate, concerns exist about cost and adverse events, such as ceramic breakage and squeaking (incidence range of .48% to 7%). [3] [4] [5] In addition, a lack of large-diameter components limits the universal application of this type of bearing.
Recently, a newer alumina matrix composite ceramic (BIOLOX Delta; CeramTec AG, Plochingen, Germany) was developed with a goal to improve wear while reducing the risk of bearing fracture. Delta ceramic consists of 75% alumina, 17% zirconia, and 1% mixed oxides and has a smaller grain size (less than 0.8 µm) compared with the grain size (1-5 µm) of traditional ceramic materials. 6 The stated mechanical benefits of this combination are improved toughness and better wear characteristics when measured in a laboratory setting. 6 Meanwhile, it allows for the manufacturing of thinner liners and consequently the use of larger femoral heads, even in smaller-diameter acetabular components. Studies have shown that largediameter femoral heads reduce impingement, improve range of motion (ROM), and have a lower dislocation rate. [7] [8] [9] The larger-diameter femoral head combined with the Delta ceramic bearing THA has been used with the expectation to improve the outcomes of young, active patients. The purpose of this study was to compare the results of a 36-mm Delta ceramic head and liner bearing with a commonsized (28-mm) alumina ceramic head on an ultra-high-molecular-weight polyethylene liner bearing. Clinical and radiographic results were collected to compare the outcomes, complication rates, implantrelated failures, osteolysis, noises, and other unforeseen complications between the 2 groups. This study was conducted to ascertain: (1) whether the large-diameter Delta ceramic-on-ceramic (COC) bearing articulation would result in greater ROM and Harris Hip Score (HHS) improvement compared with the common-sized alumina ceramic-on-polyethylene (COP) bearing articulation in young, active patients; and (2) whether this new material had equal or lower intra-and postoperative complication rates and revision rates compared with the currently available designs.
Materials and Methods
This study was conducted between April and December 2008 and was approved by the institutional review board of the authors' institution.
Inclusion criteria included patients between 18 and 60 years undergoing primary THA for noninflammatory degenerative hip diseases whose preoperative HHS was 70 points or less and reported pain level was moderate or worse (ie, marked or totally disabled). 10 Preoperative radiological analysis confirmed that the minimum diameter 52-mm cup (minimum diameter 36-mm femoral head component is needed) could be implanted according to the product specifications. Exclusion criteria included patients with an active infection (eg, including human immunodeficiency virus or hepatitis), a previous THA, a neuromuscular disease, a body mass index greater than 37.5 kg/m 2 , and a follow-up time less than 3 years. All surgeries were performed by 1 surgeon (Y.H.) using a posterlateral approach after general anesthesia. Before incision, each patient received a random number in a sealed envelope to determine which type of prosthesis would be implanted. Implants were supplied by Link Medical Technology Inc (Hamburg, Germany). The femoral component used in each patient was a Ribbed cementless proximal porouscoated stem (Link Medical Technology Inc). The COC group received a Beta pressfit porous-coated TiAl6V4 acetabular cup (Link Medical Technology Inc) and a 36-mm Delta ceramic femoral head and liner, whereas the COP group received a T.O.P. press-fit porous-coated TiAl6V4 acetabular cup and a 28-mm aluminum ceramic femoral head on ultra-high-molecularweight polyethylene liner (Link Medical Technology Inc). Screws were used when the surgeon believed they would be helpful for acetabular fixation based on the patient's age and bone quality.
Postoperatively, all patients received an intravenous antibiotic to prevent post-operative infection. Peroral rivaroxaban was given, and a lower-extremity vein pump was used for approximately 30 minutes twice a day to prevent thromboembolic incidents. Patients were instructed on hip movement and strengthening exercises, and all therapy was supervised. Patients were mobilized as tolerated, starting with a walker and then progressing to a cane. All patients were able to achieve stair climbing before discharge. Hip precautions were advised for these patients.
All patients consented to enter the arthroplasty registry prospectively and were followed up clinically and radiographically at 6 weeks, 3 and 6 months, and annually postoperatively. Patients were evaluated by orthopedic surgeons and senior orthopedic registrars (P.C., J.X.). At each follow-up, patients completed questionnaires regarding pain severity, satisfaction, and possible complications. Evaluators completed HHS forms and documented ROM.
Standard plain anteroposterior radiographs of the pelvis and lateral radiographs of the femur were taken at regular follow-up intervals. Two radiographic reviewers (P.C., J.X.) evaluated the radiographs for osteolysis and radiolucent lines greater than 1 mm using the zones of DeLee and Charnley 12 and Gruen et al 13 for the acetabulum and femur, respectively. Evidence of acetabular component mobilization was evaluated by sequential measurements of the inclination angle and evaluation of vertical migration related to the inferior border of the acetabulum on a picture archiving and communication system. Considering variation in radiographic technique, an angular change of more than 5° or a migration of 5 mm or more was considered significant. Radiographs from postoperative day 3 served as the baseline. The reviewers resolved disagreements by discussion or consulting other radiological experts.
Complications, revisions, and implant failures were recorded along with component-specific complaints, such as implant squeaking. Any patient who underwent a second surgery, in which any of the device components (ie, femoral head or stem, acetabular liner, or shell) was removed, was considered a revision and a survivorship failure. Harris Hip Score and ROM improvements between the 2 groups at final follow-up were tested using independent sample t test if the data had a normal distribution. Nonparametric test (Mann-Whitney U) was used if the data had a skewed distribution. Chi-square (Fisher's exact) test was used to determine whether the incidence of complications was different between the COC and COP groups. A 2-sided P value less than .5 was considered statistically significant.
results
Harris Hip Score improvement from baseline was 36.468.0 (range, 21-51) in the COC group and 37.068.2 (range, 21-53) in the COP group (P5.66). The pre-to postoperative improvement in extension, abduction, adduction, and internal and external rotation was not significantly different (P5.60, .70, .77, .88, and .39, respectively). However, flexion improved significantly in the COC group compared with the COP group (46.4°613.5° and 38.3°613.9°, respectively; P5.02) ( Table 2) .
Consecutive radiological analysis at a minimum of 3 years postoperatively re- (Figure) . One hip dislocation occurred in the COC group and 2 occured in the COP group at final follow-up. Two hips required revision in the COC group, 1 due to recurrent dislocation and 1 due to deep infection, which was subsequently revised with 2-stage reimplantation. Three revisions were performed in the COP group due to acetabular cup loosening, recurrent dislocation, and noticeable leg-length discrepancy. One liner fracture occurred in the COC group during insertion. Audible component-related noise was detected in 2 hips in the COC group but was not observed in the COP group, although the difference was not statistically different (P5.20). One greater trochanter fracture and a hip with nerve damage occurred in the COP group. One hip had wound problems in the COC group, and deep venous thrombosis occurred in 1 hip in the COP group. Evaluation of intra-and postoperative complications revealed no statistically significant differences between the groups (Table 3) . Implant fractures (cup, liner, head, or stem), trochanteric bursitis, or pulmonary embolus were not observed postoperatively until final follow-up.
discussion
Improvement in prosthetic design and bearing surfaces has almost eliminated the limitations in performing THAs in young, active patients. Advances in component tribology and design, along with improved operative techniques and better instrumentation, have made THA a favorable option, even in a relatively young population. [14] [15] [16] However, debate is ongoing regarding the optimal bearing surface for these young patients. One option is ceramic-on-ceramic bearing surfaces, which provide several benefits, especially in terms of improved longevity due to superior wear characteristics. 17, 18 In the current study, the authors evaluated a large-diameter (36-mm) new alumina matrix composite ceramic (Delta ceramic) femoral head and liner bearing compared to a common-sized (28-mm) alumina ceramic-on-polyethylene articulation. They investigated whether the large- 
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diameter ceramic-on-ceramic articulation improved ROM and HHS and decreased complication rates compared with the common-sized ceramic-on-polyethylene articulation in young, active patients. Overall, clinical results were similar between the COC and COP groups. No difference was observed in HHS and ROM improvement in all planes except in flexion. It has been suggested that optimal ROM after THA should be 120° flexion, 20° abduction, and 20° external rotation. 19 Davis et al 20 observed that after THA, hip ROM, especially flexion and external rotation, correlated with superior functional outcomes, as measured by the Western Ontario and McMaster Universities Arthritis Index score. The current study showed that the COC group experienced more postoperative flexion improvement than the COP group. In contrast, another study showed that the improvement in internal rotation was greater with a largediameter femoral head metal-on-metal THA compared with a conventional 28-mm THA. 21 In clinical practice, postoperative flexion improvement is likely more important than internal rotation. 22 Larger ROM enables the replaced hip to flex and internally rotate more in the stance and swing phases in a gait circle. This not only increases walking speed and stride distance, but also allows patients to walk in a way that conserves more energy.
The relatively greater improvement in flexion in the COC group is clinically significant for young, active patients. Nonetheless, the universal application of large-diameter femoral ceramic-on-ceramic bearing prostheses may be limited because it needs a large cup to contain the liner. Preoperatively, the current authors confirmed that the 52-mm cup could be implanted in the COC group according to product specifications.
Fracture of a ceramic component remains a major disadvantage for this new bearing combination. The rate of ceramic component fracture has been shown to be manufacturer dependent and based on material defect. The reasons for ceramic implant fracture also include impingement during extremes of ROM or sudden high-impact loading. 23 Although the new Delta ceramic is reported to have extraordinary strength and toughness, 1 ceramic liner chipped while inserting the component in the current study. Hence, the insertion of a ceramic liner into the metal acetabular ring requires great attention and precision. Technical errors, such as unsymmetrical seated acetabular liners or tapping the edge of the acetabular cup intraoperatively to adjust its position, must be avoided. Early diagnosis of liner fracture is difficult, except when ceramic fragments are visible on radiographs. If a ceramic component fails, unlike more conventional articulations, revision procedures are fraught with problems. 24, 25 After fracture, abrasive debris will occupy the joint space; therefore, any subsequent articulation will need to be resistant to this wear debris, so any subsequent polyethylene articulation will likely fail.
Audible component-related noise is another complication with the use of ceramicon-ceramic bearing surfaces. The etiology of squeaking is believed to be multifactorial and related to patient age and size, surgical technique, implant position, stem design, and metallurgy. [26] [27] [28] [29] [30] [31] [32] In the current study, 2 patients in the COC group reported audible squeaking, whereas no patient in the COP group reported it. A recent meta-analysis of 6137 alumina-on-alumina THAs showed that 2.4% of patients reported squeaking with the use of this type of bearing surface. 33 No significant association existed with patient sex, height, weight, or procedural laterality for squeak incidence. The incidence of squeaking in the current study was similar to those reported in other recent studies. [34] [35] [36] In the current study, radiographic evidence of osteolysis was detected in 3 hips in the COP group and was absent in the COC group. The low incidence of osteolysis in patients with ceramic bearings was also similar to recent reports. [35] [36] [37] [38] [39] The absence of osteolysis is a large benefit for young patients because a good bone stock will be available during future revision surgery. Previous studies have shown that alumina-on-alumina articulations provide the benefit of minimizing osteolysis. [40] [41] [42] Whether Delta ceramic-on-ceramic bearings also minimize osteolysis is rarely discussed. The current study indicates that the newest generation of ceramic-on-ceramic articulation may have an equal or lower incidence of osteolysis compared with the alumina-on-alumina bearing. This study had several limitations. First, the follow-up period was relatively short to reach a conclusive decision in terms of implant longevity. However, with a mean follow-up of 40 months (range, 36-45 months), the study provides baseline comparison data and important results, especially in terms of ROM improvement and complication rates. Second, because of strict inclusion criteria, the number of cases in the study was insufficient for a comparison of device-related complication rates, and although the trial device performed equally well as the control device in terms of reoperation rates, functional scores, and radiographic complications, some important results may have been missed due to the lack of power and statistically significant data. However, the data are important as an initial investigation for this new bearing combination. The study will be followed up with a cohort containing more patients with a longer follow-up to determine whether these results are maintained.
Third, radiographic analysis was performed by 2 senior surgeons without the use of software. Some studies have reported that plain radiographs have only 64% sensitivity for osteolytic regions greater than 10 mm 3 . 43 Finally, because the authors practice in a large joint arthroplasty center, these findings may not be generalizable to the general community or to centers with relatively fewer arthroplasty cases, which may have greater complication rates due to the use of new techniques and technology.
conclusion
The large-diameter Delta ceramic-onceramic articulation had good outcomes and minimal complication rates at 3-year follow-up after THA in young, active patients. It resulted in better postoperative improvement in flexion than the commonsized alumina-on-polyethylene articulation. Device-specific complications, such as ceramic fracture and audible squeaking, were rare. Ongoing studies will provide further long-term outcomes for Delta ceramic-on-ceramic bearing articulations and will determine whether this new hardon-hard articulation should be recommend for young patients requiring THA, as well as for patients who desire to return to high-demand athletics.
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